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p rheliometer in use a t  Santa Fe became defective about 
t e beginnin of that month, due to an accident. It has Date. 
been replncec by Marvin silver-block pyrheliometer No. 2 7 g 
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DePPLEB'S PRINCIPLE FOB A WINDY ATMOSPHEBE. 

By HARRY BATEMAN, Ph. D. 
Ilrated: 730 South Lake Avenue. Pasadena, Cal.. Oct. 15,1917.1 

In view of the interest which is bein taken in the effect 
of wind on the propagation of souns it may be worth 
while to recall the form which Doppler's principle assumes 
when a wind is blowing. 

If the observer is nioving wit,li velocity 'u, the source of 
sound with velocity ,v, and the wind with velocity V, 
all measured in the same direct>ion, then in the case of 
sound wave3 moving in the opposite direction and 
originating at t.he source with frequency v t,he observed 
frequency is 

(1) 
6 -  I ' + u  

0 v I ' -  T.'+.7, 1' = 

where c is the veloc.ity of sound in still tlir. 
This result, may be obtained with the ordinary form of 

Diippler's principle either by reducing the air to rest by 
snbst.ractin 
regarding tit! vclocity of sound in the moving air as c - 6: 

To prove t,he formula analytically let 11s neglect the 
variation of air-density and wind-velocity with altitude 
and assume that the wind is blowing steadily in a direc- 
tion parallel to the axis of 1: with velocity V, then the 
velocity potential 4 of sound waves propagated through 
tho air satisfies the partia.1 differontial equation.' 

t.he wind velocity T' from ,u and T'! or b 

This equation may be t,ransformed into the ordinar 
wave-equation for still air by writin x' in place of 3- d 
which is at t,lie point [ ( T I ,  v (T ) ,  f ( ~ )  at time 7 is 
The solution corresponding to sound f rom a Inoving source 

1 
4 = +f(d 

where 'T is defined by the equation 

and y is the partial derivative of t-he left-hand side with 
res ect to r .  

[X - E(7) - 17(t-- T ) I 3  + [y -v(T)la + [ Z -  f ( T ) p = 8 ( t -  T)' ,  

W t h g  
XL'=a+ut, y=o, Z = o ,  E(T)=o!+%'T, V ( T ) = O ,  f ( T ) = o ,  

where a,, a, u, v, are constants so as to have the case of a 
source and observer moving dong the same straight line 
with different constant velocities, we find that 

t (u-v*c)+a-a 
2,- V*c 7 s -  

For sound of frequency B we may write ~ Y T )  = Asira(v7 + e) 
and the observed fre uency is seen to be given by formula 
(1). The wave-lengt 7l is also 

It should be noticed that if U='L' the observed fre uency 
is the same as the natmural fre uency whateverte the 

is the same as the natural wave-length. In  sctual 
practice the horizontal wind velocity may bo different at 
the locations of the source and observer owing to vertical 
motion of the air, eddy motion, and friction. An exact 
mathematical treatment of the general problem is diflicult 

velocity of the wind. If v =  17 t ll e observed wave-length 

1 See. for instance. S. Fqifwhnra. in Bull.. Central metwrol. obs'y, Japan. Tokyo. 
11912), 2, no. 1. 


